The consideration of renewable energy sources as sources for the production of electricity, demands an approach that would enable an analysis which comprehends various factors and stakeholders. The Preference Ranking Organization METHod for Enrichment Evaluations (PROMETHEE), as a mathematical model for multi-criteria decision-making, is one of the ideal methods used when it is necessary to rank scenarios according to specific criteria, depending on whom the ranking is applied. This chapter presents various scenarios whose ranking is done according to defined criteria and weight coefficients for each of the stakeholders. This model recognized and accepted according to the theory of decision-making could be used as a tool for so-called stakeholder value approach.
Introduction
The basis for this chapter was document which established the goals in usage of renewable energy sources until 2020 (National Renewable Energy Action Plan of the Republic of Serbia further on NAPOIE) [2] , as well as the manner in which they are to be achieved. In addition, it has the goal to enhance investments in the field of renewable energy sources. With the adoption of the 'Law of Ratification…', 2 [3] the Republic of Serbia internationally committed to create NAPOIE [2] . Tables 1 and 2 were used as input data for this chapter.
Data given in
Types of renewable energy sources taken in consideration in this chapter are as follows:
• Mini hydros (up to 10 MW).
• Wind energy.
• Solar energy.
• Biomass.
• Geothermal energy.
The National Renewable Energy Action Plan of the Republic of Serbia (NAPOIE) defined target values, that is, the amount of GWh expected to be produced from every renewable energy source and to be delivered in the system. The defined goal is 2252 GWh obtained from following renewable energy sources: mini hydros, biomass, solar, wind and geothermal energy ( Table 3 ).
The goal is to verify the ranking sequence of renewable energy sources if only one of the listed renewable energy sources would be delivering the total expected amount of GWh into the system and to rank scenarios according to stakeholders 3 , on the basis of previously defined criteria and calculated weight coefficients, and also to establish whether the sequence of renewable energy sources is identical for all stakeholders.
On the basis of ranking achieved this way, we may determine which type of renewable energy source is the priority, depending on the stakeholder, and also whether the participation of all listed types is justified.
A multi-criteria analysis will provide a clearly established sequence of renewable energy sources for the stakeholders, and according to clearly established criteria. This sequence is important for the establishing of priorities. For solving this type of problems, one of the mathematical models that can be used is the one developed by Jean-Pierre Brans in 1982, for a multi-criteria decision-making in a group of alternatives described with several attributes.
Theoretical overview of the PROMETHEE
The Preference Ranking Organization METHod for Enrichment Evaluations (PROMETHEE) 4 is part of a group of methods for multi-criteria decision-making within a group of alternatives described with several attributes, used as criteria. This method enables a comprehensive structuring of quality and quantity criteria of different importance into a relation of partial organization in a unique result (PROMETHEE II), on the basis of which alternatives can be ranked in an absolute manner.
We will consider a multi-criteria problem:
where A is a finite group of activities and k i = 1,…, k are usefulness criteria which should be maximized or fulfilled according to the principle 'bigger is better' (this supposition enables a more simple presentation of the method-in cases when some of the criteria are price criteria, they can be transformed into usefulness criteria, or we can adjust the proceeding to those criteria as well).
The application of the PROMETHEE is characterized by two steps:
(1) constructing a preference relation within a group of alternatives A, (2) using this relation to find an answer to the problem (1.1).
In the first step, a complex preference relation is formed (in order to stress the fact that this relation is based on the consideration of more criteria, this relation is called outranking relation), based on the generalization of the notion of the criteria. A preference index is then defined and a complex preference relation is obtained, which is shown in a graph representation. The essence of this step is that the decision maker (stakeholder) must express his preference 4 Theoretical overview of the PROMEHTEE method is described in brief according to the "Odlučivanje", Milutin Čupić, Milija Suknović, Fakultet organizacionih nauka, Beograd 2010. All general theoretical formulas, functions and graphs are taken from Ref. [5] . Table 3 . Available potentials [4] .
Computer Simulationbetween two alternatives (action and activity), according to every criterion, on the basis of the difference (differentiation) of criteria values of alternatives which are being compared.
PROMETHEE II can be a tool for 'Management philosophy that regards maximization of the interests of its all stakeholders (customers, employees, shareholders and the community) as its highest objective'.
5
The preference relation obtained this way is used so that input and output flows are calculated for each alternative, in graphs or tables. On the basis of these flows, the decision maker can apply partial ranking (PROMETHEE I) or absolute ranking (PROMETHEE II) in the group of alternatives.
In this chapter, the absolute ranking method PROMETHEE II was used.
PROMETHEE preference relation
Let k be a real function used to express one of the attributes used as a criterion for comparing alternatives:
Let us assume that this is a usefulness criterion, that is, that alternatives (scenarios/models) are compared according to this criterion on the basis of the principle 'bigger is better'.
For every alternative a dA, k(a) a criterion value is calculated according to criterion k. When two alternatives a, b dA are being compared, the result of that comparison is expressed as a preference.
With preference function P
the intensity of preference for alternative a in relation to alternative b is expressed, with the following interpretation: Preference function that is added to a given criterion is the difference function of criteria value of alternatives, and it can be written as
P(d) is a non-decreasing function that assumes value zero for negative difference values
) if the criterion is minimized ( Table 4) .
Multi-criteria preference index
Let us assume that the decision maker sets preference function P i and weight t i ; for every cri-
Type 3. Criterion with a growing linear preference
Type 4. Linear criterion with an indifference area
Type 5. Criterion with preference levels
Taken from Ref. [5] . Table 4 . Types of functions in the application of the PROMETHEE 1 .
Computer Simulation 242
Weight t i is the measure of relative importance of the criterion k i . If all criteria have the same value for the decision maker, all weights are equal.
Multi-criteria preference index IP is defined as the medium of preference functions P i :
IP (a,b) represents intensity, that is, the strength of decision maker's preference for activity a over activity b, when all criteria are compared at the same time. It varies between values 0 and 1. 
Absolute ranking: PROMETHEE II
If the decision maker wants an absolute ranking, the clear flow is considered:
Absolute ranking (PII, III) is defined in the following manner:
Elements of scientific research 6 are all the elements that have to be defined so that the aforementioned mathematical model could be applied. Those comprehend:
6 This research paper gave initial idea for this chapter as well as for stakeholders and used criteria [6, 7] . 
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• stakeholders
• criteria
• weight coefficients
• preference functions (for every criterion)
• suggested models.
Stakeholders considered in ranking are as follows:
• State (DR)
• Potential investors (PI)
• Local community (LZ).
Criteria
PRMOTHEE needs criteria to be defined, according to whom the ranking will be done.
Criteria used in this study are presented in Table 5 .
These 10 criteria can be divided into two categories:
(1) Empirical criteria, based on the data taken from NAPOIE (K1, K2, K3, K5, K9 and K10).
(2) Description criteria (K4, K6, K7 and K8).
Weight coefficients are calculated and given in Table 4 .
Since each of the stakeholders treats each of those 10 criteria in a different manner, it is essential to define weight coefficients so that every criterion has a weight definition in relation to the stakeholder. For each of the stakeholders, the criteria were sorted into three categories: Table 5 . Criteria for ranking scenarios.
Multi-Criteria
• Very important,
• Important,
• Of little importance.
An assessment of weight coefficients was made on that basis, with values for K attributed on the scale of 1-10, starting from the categorization of the criteria. A representation of weight coefficients is given in Table 6 .
Preference functions. A preference function is attributed to every defined criterion. Common functions according the PROMETHEE are presented in Table 4 . For this chapter, the following allocation was adopted:
• Type 1. A common function is attributed to K6. Type 1 function is used when there are only two expected results, and it provides an obvious preference. Because of that it is attributed to criterion K6, since the combined production of electric and thermal energy is either possible or impossible.
• Type 3. A growing linear preference function is attributed to K2, K3, K5, K9 and K10. Type 3 function is used when the difference can be a constant value. The maximum value of difference is taken as decision threshold (m = dmax)
• Type 4. A function with preference levels is attributed to K1, K4, K7 and K8. Type 4 function is used for discrete value differences and their outputs are discrete preferences 0, ½, 1 (m and n are decision thresholds). For criterion K1, assumed decision thresholds are m = 10% dmax, and n = 30% dmax, while for criteria K4, K7, K8 m = 1 and n = 2. Table 6 . Calculation of weight coefficients.
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Suggested models
The following models (scenarios) were defined ( Table 6) :
• The first model (A1) represents allocation A1. This allocation fits the goals planned until 2020 according to NAPOIE.
• The second model (A2) represents allocation A2, in which the needed energy from renewable energy sources would be produced in mini hydros.
• The third model (A3) represents allocation A3, in which the needed energy from renewable energy sources would be produced from biomass.
• The fourth model (A4) represents allocation A4, in which the needed energy from renewable energy sources would be produced by the Sun.
• The fifth model (A5) represents allocation A5, in which the needed energy from renewable energy sources would be produced by the wind.
• The sixth model (A6) represents allocation A6, in which the needed energy from renewable energy sources would be produced from geothermal potentials.
N.B.:
It is VERY important to point out here that, according to available potentials, as shown in Table 7 (data taken from the document 'Politika Republike Srbije u oblasti OIE'), each of the renewable energy sources listed (mini hydros, biomass, solar, wind and geothermal energy) can deliver 2252 GWh of energy independently (Table 8 presents coneversion of available resources presented in Table 7 from Mtoe to GWh), which represents the remainder from the total of 3360 GWh, diminished by the amount delivered by hydro potentials >10 MW. The first model A1 of this chapter was given illustratively as the goal which was set to be reached and will be used in further researches as a continuation of this chapter.
Scenaria are treated according to the defined criteria. Values of criteria for each scenaria are calculated and presetned in Table 9 . 
Mathematical model Criterion K4: Technology development
Technologies in laboratory and research phases (laboratory) 1
Technologies in pilot programs (pilot) 2
Technologies demanding further improvements to enhance their efficiency (further improvement)
3
Commercially ready technologies with a reliable place in the overall local market (com_loc) 4
Commercially ready technologies with a reliable place in the supranational and European market (com_EU)
5
Criterion K7: Contribution to local development
Without any influence on local economy (none) 1
Weak influence on local economy(weak) 2
Moderate influence on local economy (only a small number of permanent workplaces)
Moderate to large influence on local economy (opening new workplaces and chains of companies in energy production sector)
4
Very large influence on local economy (strong incentive to local growth, creation of small industrial regions on wider areas) The results for State are shown in Figure 4 .
The same approach could be usd for detailed calculation for the investors and local community as stakeholders.
For the investors as stakeholders:
Determination of preference index The reuslts for investors are shown in Figure 5 .
For the local community as a stakeholder:
Determination of preference index The results for community are shown in Figure 6 . Multi-Criteria Decision-Making in the Implementation of Renewable Energy Sources http://dx.doi.org/10.5772/67734 253
Chart representation of results
After applying the PROMETHEE, as a tool for stakeholder value approach, and after the ranking, we can reach following conclusions on the basis of results obtained:
The results obtained and shown in the charts indicate, in fact, that, according to defined criteria and weight coefficients, the sequence of types of renewable energy sources is absolutely identical regardless of the stakeholder. The sequence of priorities in the application of renewable energy sources for the production of electricity goes as follows:
(1) Biomass Further activities of all stakeholders should be given to mini hydros and biomass, since they have the best relation toward the aforementioned criteria.
According to presented model, potentials of all the mentioned types of renewable energy sources are capable for achieving its goals, with the limitation that wind and geothermal energy would have, according to such a premise, a 96.82% usage, which is not a convenient circumstance, while biomass would have an 8.61% usage and mini hydros 24.20%.
The general conclusion is that the state as a stakeholder should focus its activities regarding the production of electricity from renewable energy sources on biomass and mini hydros, since, according to listed hypotheses, defined criteria and the application of the mathematical model, they proved to be the best solution. The same goes for investors and local community as stakeholders.
Methodology use in this chapter is taken into account the criteria and stakeholders which where possible to use according to the official available data. The final number of stakolders and criteria are endless and just make calculation model more comprehensive. 
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